In two important emerging health policy contexts -private plans in Medicare and the new state-run "Exchanges" created as part of the Affordable Care Act (ACA) -plan payments come from two sources: risk-adjusted payments from a Regulator and premiums charged to individual enrollees. This paper derives principles for integrating risk-adjusted payments and premium policy in individual health insurance markets based on fitting total plan payments to health plan costs per person as closely as possible. A least squares regression including both health status and variables used in premiums reveals the weights a Regulator should put on risk adjusters when markets determine premiums. We apply the methods to an Exchange-eligible population drawn from the Medical Expenditure Panel Survey (MEPS).
Introduction
Payments to health plans commonly come from just one source. In individual health insurance markets to date, all plan revenue has come from enrollee premiums. In employerbased health insurance, the employer pays plans (even though the employer recoups some of its costs by requiring employee contributions).
1 However, in important emerging health policy contexts -the Medicare Advantage (MA) program and Medicare Part D offering private plans in Medicare, and the new state-run "Exchanges" created as part of the Affordable Care Act (ACA)
-plan payments come from two sources at once: risk-adjusted payments from a Regulator and premiums charged to individual enrollees. Paying plans from two sources raises new issues in payment system design. This paper derives principles for integrating risk-adjusted payments and premium policy in individual and small group health insurance markets. We apply these to risk adjustment and premium setting for potential Exchange participants. We describe how a
Regulator should risk adjust plan payments when plans also charge and collect premiums from enrollees or employers. Specifically, we describe how a Regulator should determine weights on risk-adjustment factors in the presence of premiums.
The relationship between risk adjustment and premiums is reciprocal. Suppose the Regulator must risk adjust 75 percent of costs with enrollee premiums paying for the other 25 percent; the premiums are conditioned on age, smoking status, and geography. The key insight is that the risk adjustment mechanism adopted by the Regulator affects premiums, because what a plan would want to (from profit-maximization) and would be able to (due to competition) charge enrollees as a premium depends on how the regulator sets risk-adjusted payments. To set the desired risk adjustment scheme, however, the Regulator needs to consider the effect of the risk adjustment on premiums. The Regulator's problem in this case differs from the case when the Regulator pays for 75 percent of health costs and the remaining 25 percent are financed by a flat enrollee premium that is specified in statute, as in Medicare Part B.
Section 2 describes plan payment policy in Medicare and the Exchanges and relates our paper to the existing literature on risk adjustment. Section 3 presents a model of individual health insurance in which a Regulator seeks to make total plan payments for an enrollee (Regulator payments plus premiums) approximate health plan costs for the enrollee as closely as possible. The Regulator has a fixed budget to allocate to plans in the form of risk adjusted payments, an example of which is the fixed budget government subsidy to Medicare Part D plans. We assume the adjustment will be based on a measure of health status of enrollees.
Constrained by market forces, plans set premiums on another, possibly overlapping set of personal characteristics. Section 4 characterizes how the Regulator should assign risk adjustment weights to a predetermined set of risk adjustment factors such as age, gender, and previous diagnoses. We show that simple modifications of least squares methods reveal the bestfitting weights. Specifically, an ordinary least squares regression on costs using risk adjustment and premium categories as variables solves the Regulator's problem because of the equivalence between two important sets of relations, the "normal equations" in a least squares regression and the "zero-profit" conditions in competitive markets. This equivalence means that the coefficient weights a least squares regression yields for premium categories are the same as would emerge in a competitive market. This is the central point of this paper: a least squares regression that includes both premiums and risk adjustment variables tells the Regulator how to set the riskadjustment weights.
Section 5 applies the methods for risk adjustment to a potential Exchange population drawn from several panels of the Medical Expenditure Panel Survey (MEPS), basing risk adjustment on Hierarchical Condition Categories (HCCs). 2 We demonstrate the practical utility of least squares methods with three applications: setting a per-person budget for risk adjustment;
incorporating the age-band restrictions specified in the ACA; and estimating risk adjustment weights when some of the population has a "history" that can be used for diagnosis-based risk adjustment and some of the population does not. These applications, which use constrained least squares regressions, build upon one another so our final least squares model instructs the Regulator in setting risk adjustment weights when facing a budget in which the balance of costs will be covered by premiums set in a market, with a target premium ratio, and with some enrollees without a diagnostic history.
Section 6 concludes the paper with some comments on next steps for applying the methods developed here to Exchange and Medicare contexts. We discuss there some of the significant issues not confronted in this paper, including imperfect competition in insurance markets; multiple types of plans (Bronze, Silver, etc.) ; and service-level selection.
Policy Background and Literature Review
In Medicare presently and in the new state-level Exchanges shortly, health plans will be paid by a combination of risk-adjusted payments and premiums chosen by the plans. The riskadjustment formula is chosen by regulation, as are the terms on which premiums can be set. This section sets the policy contexts for the analysis, and then briefly reviews some of the literature on risk adjustment methods. Choices for beneficiaries are very limited in some regions and probably too numerous and confusing in others (McWilliams et al., 2011) . Our recent review of the payment history of Part C concluded that the program has never succeeded in saving Medicare funds (McGuire, Newhouse and Sinaiko, 2011) . Glazer and McGuire (2011b) argue that one of the fundamental problems with MA is Medicare's "single premium" policy that leads to an inefficient sorting of beneficiaries between MA and TM. 4 As cost pressures on Medicare intensify, beneficiaries are likely to be asked to pay higher premiums for both MA and TM, giving Medicare the opportunity to reform its premium policy.
Medicare Advantage and Part D
One potential strategy for reform, known as premium support, would shift Medicare from a defined benefit to a defined contribution program. First proposed in the mid-1990s (Aaron and Reischauer, 1995) , premium support is gaining attention from budget-minded policymakers (Debt Reduction Task Force, 2010; Wyden and Ryan, 2011) . Under a premium support policy, beneficiaries would receive a risk-adjusted voucher to use to purchase health insurance coverage from among a set of competing private health plans that may or may not include traditional feefor-service Medicare. While the details of specific proposals vary, in most cases the voucher would be set to cover the cost of enrolling in one of the lower-cost plans, and beneficiaries who choose alternatives would be responsible for paying any differential between plan premium and the voucher.
MA plans and the stand-alone Part D Plans (PDP's) are paid predominantly by riskadjusted payments from Medicare, and partly by premiums chosen by the plan. Medicare's MA payments are based on a Medicare "benchmark" rate set for each county and the plan's "bid."
(The analogy in the case of Part D is a fixed subsidy set by the Congress.) Until 2011, the benchmark was based on the maximum of (1) the CMS estimate of Medicare costs for a typical beneficiary in Parts A and B, (2) a minimum or "floor" payment, and (3) the past payment rate for the county trended forward at national average Medicare cost growth rates. We are now (2012) in transition to a new system wherein by 2017, the benchmark will be based on the quartile of a county's TM spending and it quality rankings. 5 A plan's bid is the plan's estimate of what regular benefits from Part A and B would cost the plan for a beneficiary of average health status plus whatever margin it adds. If a plan bids above the benchmark, Medicare pays the plan the benchmark and the beneficiary pays the differential. If the bid falls below the benchmark, Medicare pays the bid plus a 50%, 65%, or 70% share of the difference between the bid and the benchmark, depending on the plan's quality rating. The idea is that Medicare gets a share of any "savings" (difference between benchmark and bid) and the plan must use the balance of the (Glazer and McGuire, 2011b) . (Collins and Garber, 2012) . Small businesses will be able to purchase coverage through a separate exchange, although states have the option of and many may choose to combine their individual and small group exchanges. Exchanges will consolidate and regulate the market for individual insurance, as plans offered through the Exchanges must cover a state-defined "essential benefit package," and be classified into one of four cost-sharing tiers (platinum, gold, silver or bronze)
State Exchanges in the ACA
that are defined by actuarial value. Premium and cost-sharing subsidies will apply on a sliding scale for individuals and families earning up to 400% of poverty; in the Exchange, individuals will pay a premium directly to their health plan. The Congressional Budget Office estimates 24 million people will purchase an insurance policy (in some cases subsidized) through these Exchanges (CBO, 2010).
Several provisions of the ACA are designed to minimize adverse selection in Exchanges, including a requirement that insurers must offer at least one plan in each of the gold and silver tiers, that income-based premium and cost-sharing subsidies only be available for plans purchased through the Exchange, and that insurers charge the same premium rates for a health plan whether it is purchased through the Exchange or through the outside individual market. Exchange plans will be able to condition premiums on age, family size, smoking status, and geography, though the age-based premium variation is limited to a ratio of no more than 3-to-1. Open questions on plan premiums remain however, such as whether there will be restrictions on the ratio of premiums across coverage tiers (e.g., Gold vs. Silver plans).
To further minimize the effects of risk selection, the ACA also mandates that Exchanges engage in risk adjustment and implement temporary risk corridors and reinsurance programs. 
Research on Risk Adjustment and Enrollee Premiums
National health policy in a number of countries finds inspiration in the research of Enthoven and colleagues who advocated "managed competition" among competing private health insurers (Enthoven, 1988; Enthoven and Kronick, 1989) . Public policy in both Medicare and Exchanges can be traced to these ideas. 12 Risk adjustment and enrollee premiums each play an important role in the managed competition model. Risk adjustment pays more for the sick so plans would be willing to accept and provide care for more costly enrollees. This requires a
Regulator or tax authority to collect and pool individual contributions (perhaps financed by taxes) and redistribute them to plans according to the risk adjustment formula. Plans would also set and collect a premium, so plan competition occurs on the basis of cost (price) as well as on the "quality" of the insurance product. The idea is that consumers would choose plans on the basis of both cost and quality, leading to an efficient level of health care spending (Pizer et al., 2003) . (2000) cover many of the econometric issues associated with constructing a risk adjustment formula. Breyer, Bundorf and Pauly (2012) discuss the attributes of good risk adjuster variables, and update the use of risk adjustment in health care systems around the world. quality among cancer specialists) to attract good risks, risk adjustment weights can counter by paying more for enrollees who would make use of the services subject to these incentives. Glazer and McGuire (2002) derive the optimal risk adjustment weights to counter skimping and show how they can be found by a constrained least squares regression.
14 Research on health plan premiums recognizes several social objectives for premiums:
fairness, risk spreading, and efficiency in the market for plan choice. Fairness, as defined by the European term, "solidarity," implies that sick should no pay more than the healthy (though fairness does not rule out and may require higher income groups paying more than lower income groups). Maximum risk spreading also requires premiums not differ by health state, since full 13 For a recent evaluation of the CMS-HCC model, see Pope et al., (2011) , where they assess overall model fit. R-squared for the CMS-HCC model is around .11-.12. An additional criterion is whether the model pays enough on average for groups of special concern, such as those with a chronic illness. "Predictive ratios" compare the average costs and average payments for selected groups. 14 In this case the constraints come from a system of profit-maximizing conditions for determining levels of services. Risk adjustment payments influence incentives for different services and the solution for weights are the values that make profit maximization lead to efficient plan choices.
risk spreading protects consumers against the risk of change in health status. These objectives conflict, however, with short-term efficiency in health insurance markets which calls for premiums for each individual to reflect the incremental marginal cost associated with their choice of alternative health plans (Keeler, Carter, Newhouse, 1998) . If a sick person has higher incremental cost in a Gold plan over a Silver plan than a healthy person, the efficient premium difference between the two plans should be higher for the sick than for the healthy. Bundorf, Levin and Mahoney (2009) reiterate this point and show that in general any single premium would not lead to efficient sorting among plan offerings. Glazer and McGuire (2011a) analyze the conditions in which risk adjustment, taxes, and subsidies can complement premium policy to achieve objectives of both efficient sorting among plans and solidarity within a model of managed competition. In general, as with taxes, policy makers face a tradeoff between using premiums to promote efficiency or achieve solidarity (and protect against health status risk).
This tension between fairness and efficiency is evident in premium regulations within Exchanges where the more expensive old are allowed to be charged only a limited amount more than the young.
Costs and Payments in an Individual Health Insurance Market
This section starts from the premise that a Regulator seeks to use available information to design a payment system for an individual health insurance market to fit payments to health care costs as closely as possible. The assumptions we make about the market and the role of the Regulator share some features of ACA Exchanges (premiums can be conditioned on personal characteristics), some features of Medicare Part D and proposals for premium support (a budget for risk adjustment), and some features of both Medicare and Exchanges (some enrollees have no history to use as a basis for risk adjustment). Our purpose is to employ a simple and general context to illustrate the versatility of least squares methods. The key feature shared by all of these applications is that a Regulator controls risk adjustment and can regulate the terms on which private plans compete on premiums.
Population Characteristics and Health Care Costs
Let the total number of people be N and health care costs of individual i be x i , with an overall average of ̅. People vary in two observable dimensions, according to health status, the basis of risk adjustment, and according to another set of characteristics we refer to as "personal,"
11 the basis of premiums. Health status is indexed by h, h = 1,…,H; personal characteristics are indexed by t, t = 1,…,T. For notational simplicity, we assume that each of these categorizations is one dimensional and the information is mutually exclusive so that each person is characterized by an (h,t) pair we will refer to together as a "type." Later we relax this assumption and allow multiple dimensions of h and t with potentially overlapping information (like age). Hence, while we initially assume there is a single index for health status and personal characteristics, there could be more than one variable behind the index.
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Define x ht to be the average cost of person of type (h,t), and n ht to be the number of people of type (h,t). Health care costs also vary within each (h,t) pair. Health care costs are plan costs (which must be covered by plan payments) and are fixed (do not depend on risk adjustment or premiums). 16 For simplicity we assume the market is competitive and plans have access to the same technology and input prices, so that all plans earn the same margin, which we ignore.
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There is one type of insurance plan with fixed coverage and health care management practices.
We further define: Table 1 depicts the data on the population and health care costs and summarizes the definitons used. 15 The CMS-HCC model is a series of (0,1) variables. The results about least squares discussed here would hold even if the risk adjustment formula were based on continuous variables. 16 A perennial problem for a Regulator is that it either does not observe cost or observes patterns of health care costs in one system (e.g., TM) for the purposes of paying a capitated rate in another system (e.g., MA) in which the patterns of care are known to differ. Newhouse et al. (2011) are among the first to quantify these differences, finding them to be substantial. 17 Some plans will have larger discounts and lower operating costs from economies of scale and will therefore earn rents; we assume these rents are independent of the risk adjustment categories since they largely stem from the total number of enrollees in the plan. Monopolistic competition may therefore be the appropriate competitive model.
Payment System
Plans are financed by risk-adjusted payments from a Regulator and premiums paid by enrollees. We assume risk adjustment can only be based on health status. Premiums can only be based on personal characteristics. r h is the risk-adjusted payment to plan for enrollee health status h, and p t is the premium paid by enrollee with personal characteristics t. Thus, for a person of type (h,t), the plan gets r h + p t in revenue and incurs, on average, x ht in health costs.
Regulator's Objective
The Regulator seeks to fit payments to costs as closely as possible. We measure fit by the sum of squares of the deviation between payments and costs, with better fit corresponding to a lower residual sum of squares. This approach is consistent with most of the risk adjustment literature which contends that a better statistical fit reduces problems related to risk and adverse selection. 18 An explicit formulation of the connection between payment system incentives and plan and enrollee behavior can lead to different answers about risk adjustment, a direction of analysis we discuss in Section 6.
Formally, the Regulator minimizes the residual sum of squares (RSS) with respect to choice of weights, r h , on the h risk adjustment categories:
where {ht}is the set of all individuals whose type is (h,t). The Regulator faces at least two sets of constraints on this minimization, one from a budget constraint on funds available for risk adjustment, and another imposed by plans' behavior setting premiums in the market. We consider additional constraints in our empirical application section.
Budget Constraint
The Regulator has a fixed budget per person, b, to be used for risk-adjusted payments to plans. The budget constraint can be expressed as (2): ∑
Premiums Set in a Market
The Regulator limits the variables used for premiums, and may otherwise restrict premiums, but within such regulation, private health plans can set premiums in their own 18 Van de ven and Ellis (2000), Breyer, Bundorf and Pauly (2012) .
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interest. We assume that competition leads plans to set premiums at costs for each premium category, taking into account any revenue received through risk adjusted payments. Thus, competition implies:
is a system of t equations describing the vector of premiums, p t , that lead to zero profit for each premium category, taking into account the health costs and risk-adjusted payments for the people within premium category t. From the Regulator's point of view, (3) describes how riskadjusted payments determine market premiums.
Methods for Setting Risk Adjusted Payments and Premiums
We begin by characterizing payment systems that rely only on enrollee premiums or only on health status risk-adjusted payments to pay plans. We then consider an integrated approach.
Premiums Only -Competitive Market
In a market without Regulator payments, competition leads plans to set premiums equal to average costs for each premium category. From (3), with r h = 0, p t = x t , for all t.
Risk-Adjusted Payments Only -Conventional Risk Adjustment
In a market without premiums, the Regulator must cover costs with risk-adjusted payments, and the budget constraint must be set aside. 19 The Regulator minimizes the RSS from Notably, the zero-profit condition from competition yields the same form of solution as an OLS regression with mutually exclusive categories minimizing unexplained variance.
Competition on premiums sets premiums equal to average cost conditional on t: p t = x t . A regression maximizing fit sets risk adjusted payments equal to average cost conditional on h: r h = x h . Analogous results, from in one case economic forces and the other from a statistical criterion, are the basis of the main result of the paper, contained in the next section.
Simultaneous Choice of Risk-Adjusted Payments and Premiums
In practice, risk adjusted payments and premiums in Medicare (Parts C and D) and in the Exchanges will be determined in a two-step process. In the first step, the Regulator specifies the risk adjustment methodology, and announces some rules for premiums. Rules include enumeration of the variables that are permissible for premium setting, and possibly the portion of total costs to be risk adjusted and restrictions on rate bands, for example, as in the Exchanges, that the ratio between premiums for the oldest and youngest groups can be no greater than threeto-one. Then, in a second step, plans will set premiums in recognition of the risk adjusted payments and subject to the regulations on premium structure.
One might expect that finding the Regulator's best set of risk adjustment weights in this two-step institutional context would require solving a principal-agent problem. However, as previewed in Sections 4.1 and 4.2, the similarity in the form of a competitive and statistical solution for weights on indicator variables implies that the constraints imposed by competitive premium setting are embedded in the statistical solution of the least squares regression. Thus, least squares also solves the principal-agent problem. Additional constraints can be also incorporated as part of a constrained least squares estimator.
We show in this section that the best Regulator policy for risk adjustment can be found by a least squares regression of health care costs on risk adjustment and premium categories.
Specifically, the least squares solution satisfies constraints imposed by the market on premiums, and since least squares estimates maximize fit, this choice of risk adjustment weights is the optimal policy for the Regulator.
We begin by a formal restatement of the problem: the Regulator seeks to maximize fit of the payment system (equivalent to minimizing the RSS from (1)) with respect to choice of the risk adjustment weights r h on the h health status factors, subject to a per-person budget for risk 15 adjustment b shown in (2) and subject to how the market will set premiums to be zero profit conditional on risk adjustment (3).
Consider the following constrained regression equation for health care costs x to be estimated by least squares (omitting the i subscripts):
x = r h I h + p t I t + ε, h = 1,…,H, and t = 1,…T
subject to ∑
In (5), I h and I t are indicator variables that take the value of 1 when person i has health status h and person characteristics t, respectively, and are zero otherwise. r h is the coefficient to be estimated for each health status indicator, and constitutes the risk adjusted payment for health status category h. p t constitutes the premium level for a person with characteristics t. Equation (5) contains no constant term. ε is the error term. Finally, the linear constraint is the budget for risk adjustment, (2).
Let r h * and p t * refer to the least squares estimates obtained from (5). "Least squares"
refers to minimizing the RSS (equation (1)), subject to the constraint. The least squares solution is consistent with zero profitability for premium categories. We know from the normal equations of least squares that for each premium category t:
Since the number of people with personal characteristics t is ∑ , and noting the definition of x ht , we can rewrite (6) as ∑ ( ) (6') is equivalent to (3), implying that the zero-profit constraint on premiums is satisfied at (r h *, p t *). Put another way, if the Regulator chooses r h * (subject to the constraint affecting the least squares estimate for the risk adjustment weights), the market responds with p t *.
The main result can be summarized as follows: 20 One interpretation of (6) is as a first-order condition for minimizing the RSS. Note that the premium variables are not in the budget constraint for risk adjustment. See Angrist and Pischke (2009, p.45) for one recent treatment of properties of least squares and the normal equations.
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Main Result: Coefficients from a least squares regression including variables representing risk adjusters and premiums and incorporating a budget constraint for risk adjustment yield the risk adjustment weights that maximize fit of the payment system, given premiums set in a market. 
Incorporating Additional Constraints on Premiums
Premiums are often regulated to accomplish objectives associated with fairness. "Fair" premiums limit the information premiums can be conditioned upon (e.g. ruling out "pre-existing conditions") or force subsidization of older enrollees by limiting age bands. The ACA limits the ratio of premiums in the Exchanges of the oldest group to the youngest group to be no greater than three-to-one. In the extreme, "community rating" regulation imposes equality in premiums across groups that may have very different expected health care costs even after risk adjustment on health status of some part of plan payments.
Least squares methods turn out to be extremely versatile in this context. Because of the budget constraint on funds for risk adjustment, estimating (5) requires a constrained least squares regression model. 22 Additional constraints on premium estimates can easily be added. An oldyoung premium ratio, for example, is a linear constraint (one for each geographic area.) When premiums for two groups are tethered by such a constraint, we also have to constrain profits to be zero for the paired groups. That is, competition implies the plan sets a premium for the oldyoung pair such that profits are zero (given risk adjustment) if it draws a random distribution of young and old.
Another practical problem faced by a Regulator in both a Medicare and Exchange context is the absence of claims history for some enrollees, for example Medicare beneficiaries just turning 65 or Exchange participants new to the market. Least squares can also accommodate 21 In a way similar to equation (6') we know from the normal equations of least squares and the budget constraint that for every health status h the following is true:
implying that for every h,
Thus, the average profit per individual is the same across all h types. In other words, the plan does not have an incentive to "select" individuals on the basis of their health status, even after incorporation of the budget constraint.
setting risk adjustment weights when only some of enrollees have an observable history of medical events.
In the following section, our empirical application layers these constraints atop the market-determined premiums and the budget constraint affecting the average risk adjusted payment. Our final model (Model 5 below) incorporates all of the additional constraints mentioned above: premiums set in a market, a budget constraint on risk-adjusted payments, a 2:1 old-young ratio, and half the potential enrollees coming without a history. Although the ACA specifies that the premium spread by age cannot exceed 3:1, we use 2:1 since 3:1 is not binding in our data and we wanted to illustrate how a binding constraint could be incorporated. Even with all these constraints, a single least squares regression continues to find the best risk adjustment weights. Another potential constraint we do not consider here is an inequality constraint if premiums should be non-negative. Note, however, that reductions of Part B premiums in the MA program are a form of a negative premium. Negative premium estimates could emerge from a regression if the budget constraint for risk adjustment is very large and premiums were conditioned on some information, like young age, associated with low costs. adjustment; our first year of study for expenditures will be 2005, since we need data on medical events (analogous to claims) by individuals in 2004 (the first year of Panel 9) to predict spending in the study year. Medical spending in the second year is total spending from all sources for health care services that would be covered in a typical private health insurance plan.
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The Exchange Population
We select a population of individuals and families who would be eligible to enroll in state-level Exchanges under current law based on their income, insurance and employment status.
We identify adult, non-elderly individuals (aged 18-64) in households earning at least 138% of the federal poverty level and children in households with income of at least 205% of the federal poverty level. 25 We select the Exchange population from these groups who are, or in the case of children, those who live in a household where an adult is: ever uninsured, a holder of a nongroup insurance policy, self-employed, employed by a small employer, paying an out-of-pocket premium for their employer-sponsored health insurance (ESI) plan that is deemed to be unaffordable (as defined in the ACA). 
Risk Adjustment with the CMS-HCC Model
We base risk adjustment on the Center for Medicare and Medicaid Services Hierarchical Condition Category (CMS-HCC) model, which uses individual demographics and information on major medical conditions in a base year to predict an individual's health care expenditure for the next year. The model maps individual diagnoses from ICD-9 codes (those related to Officebased Medical Provider Visits, Outpatient Department Visits and Inpatient Hospital Stays) into 24 The MEPS documentation description of our dependent variable is: "…Expenditures in MEPS are defined as the sum of direct payments for care provided during the year, including out-of-pocket payments and payments by private insurance, Medicaid, Medicare, and other sources. Payments for overthe-counter drugs are not included in MEPS total expenditures. Indirect payments not related to specific medical events, such as Medicaid Disproportionate Share and Medicare Direct Medical Education subsidies, are also not included." AHRQ 2008b, page C-98. 25 Annual household income from each year is inflated to 2009 dollars using the Consumer Price Index (CPI-U) published by the Bureau of Labor Statistics, and we apply 2009 federal poverty guidelines for the 48 contiguous states available online at: http://aspe.hhs.gov/poverty/09poverty.shtml. Adults and children in households with lower incomes are deemed to qualify for Medicaid. We follow the methodology of the Kaiser Family Foundation that uses these income criteria to select the population eligible to purchase insurance through an Exchange (Trish et al., 2011) . Adults and children in households with lower incomes are deemed to qualify for Medicaid. 26 Small employers are either (1) those with fewer than 50 employees or (2) those with fewer than 100 employees and who report only one business location. The ACA states that individuals whose out-ofpocket premiums for employer-sponsored insurance exceeds 9.5% of family income will be eligible to purchase health insurance through an Exchange.
one of 70 hierarchical condition categories (HCCs) to predict costs. Diseases within an HCC are similar clinically. Each individual is given a (0,1) indicator for each of 70 HCCs, and these become part of a linear regression model predicting cost. The coefficients from this model are the "weights" on age, gender, HCC and other factors used in risk adjustment (Pope et al., 2011) .
Our implementation of the risk adjustment model diverges from the CMS model in a several ways to accommodate the MEPS Exchange population. First, we apply the same agegender categories as in the CMS-HCC model, but we have fewer age cells since we include only people 18-64. Second, our risk adjustment model excludes variables indicating Medicaid and disability status, and interaction variables related to them, as these are not applicable to the population that will be insured through the new Exchanges. Third, whereas the CMS-HCC model uses 5-digit ICD-9 diagnosis code to classify diagnoses into CCs, the MEPS public use files do not include 5-digit ICD-9 codes to protect respondent confidentiality. We use the 3-digit ICD-9 codes which are publicly available. In our model we assume that the 3-digit code we observe in the data corresponds to the smallest ICD-9 code that starts with those three digits. For example, an ICD-9 code of 003 in MEPS is assumed to represent 0031, which is the smallest code within the 003 category. 28 MEPS documentation states: "DxCG Inc. staff have examined how using 3-digit diagnoses (rather than 5-digit codes) would affect the prospective DCG/HCC model's performance. They concluded that, although using 3-digit codes would reduce the model's specificity in clinical classification and its predictive accuracy, the loss in specificity and predictive power was small." (AHRQ 2008a, page C-2). 29 There is no a priori reason why the diagnosis groupings that are optimal for the Medicare population are optimal for the Exchange population, but our intent here is to provide a worked example of risk 20
Premiums in the Simulated Exchange
As discussed above, the ACA allows premiums to be conditioned on age, smoking status, and geography. We group age into two categories: young (18-49) and old (50) (51) (52) (53) (54) (55) (56) (57) (58) (59) (60) (61) (62) (63) (64) . In a preliminary analysis, annual expenditures differed little by smoking status in this young population, so we did not include smoking as a premium variable. State exchanges would use within-state location for purposes of premiums; here we use geographic variables available in MEPS: four census regions, and an urban rural indicator. With two age categories, four regions, and urban-rural, there are 2x4x2=16 premium categories.
Models
We estimate the following models by least-squares regression. 
Model 3: Combined model with budget constraint. This model combines the CMS-HCC model
with premium variables. 31 We set the budget constraint for risk adjustment at $2,000 per person by imposing a single linear constraint on the coefficients, as follows. The CMS-HCC model is a set of zero-one indicators. The constraint is that the sum of the product of these indicators times the proportion of the sample with the indicator equal to one equals $2,000.
adjustment that accounts for plan premium behavior, not derive the optimal risk adjustment system for the Exchange population. 30 Specifically, we use the "proc reg" procedure in SAS, with the "restrict" option in Models 3, 4 and 5. Code is available from the authors upon request. 31 Because of the budget constraint we can include the full set of mutually exclusive premium variables as well as the full set of age-gender CMS-HCC variables. The budget constraint allocates how much of the funding comes from each side, and serves to identify the premium levels.
Model 4: Combined model with budget constraint and ratio constraints on premiums. Eight constraints are added to Model 3, such that within in each of the eight geographic areas, the ratio of the premium for the old is twice the premium for the young. In addition, four zero-profit constraints characterize the level of the old-young premiums that would emerge in a competitive market.
Model 5: Combined model with no history for part of participating population, a budget constraint and a ratio constraint on premiums. Model 5 incorporates the budget and premium ratio constraints while stripping history from half of the Exchange population. "History" or "nohistory" is assigned with a random-number generator. The risk adjustment weights for those with a history encompass age-gender indicators from the CMS-HCC model as well as the HCC weights. These payments are constrained to average $2,000. For those without a history, payments can only be based on age and gender. These payments are also constrained to be $2,000 but obviously require different weights on the age-gender indicators. Premiums, however, are constrained to be the same for those with and without a history. 32 All of these parameters are simultaneously estimated in a single least squares model. We impose separate budget constraints on those with and without a history confining their average risk adjusted payment to be $2,000. Table 2 summarizes the risk adjustment and premium variables for the Exchange-eligible population and shows the average expenditure for each group. In total, MEPS yields 11,568
Results
Exchange eligible adult respondents from five panels. Average total spending is $3,410 per year (in $2009), with spending by males slightly lower than females. The older group, age 50 and up, spends more than twice but less than three times the younger group. The Midwest is the highest cost region and the West the lowest. In this sample there is little difference in average spending between those in and outside of metropolitan areas.
Turning to the CMS-HCC variables, we first show average spending by all of the agegender categories used in the CMS-HCC model. An age gradient in spending is evident for both 32 An alternative is to use retrospective risk adjustment, i.e., use the current year claims to define HCC categories and adjust payments some months after the close of the year. This raises a host of issues related to incentives. The CMS-HCC model was designed to be used prospectively. 33 We estimate Model 5 with one random draw from those with a history. This could be repeated many times to improve the estimates. Selected coefficient estimates from the least squares regressions are reported in Table 3 .
CMS-HCC demographic weights are shown for female age categories, but not males. Individual HCC weights are also not shown. On the premium side, urban weights for four regions and two ages are shown. The eight rural categories are not. Appendix B contains the full set of estimates for all models. The set of variables reported in Table 3 is sufficient to show how a combined model works to identify best risk adjustment weights for the Regulator and the effect of the restrictions.
Model 1 contains estimates for premium variables only from a regression with just the 16 premium variables. In all regions, for the urban participants, the total premium for the old is more than twice that for the young. These sixteen indicators alone produce an R-squared of Model 4 adds eight premium ratio constraints to Model 3, and the corresponding zeroprofit constraints for the tethered premiums. Restricting the premium for the old in Northeast urban areas to be just twice the premium for young in the same geographic area results in premiums for the two groups of $1,999 and $999 respectively. This ratio holds in all the premium estimates in Model 4. The zero-profit constraints ensure that, at these premiums, a plan attracting a representative population of young and old from a region would make zero profit.
Model 4 shows the weights for the CMS-HCC variables that are incentive-compatible with these premiums (i.e., those that would lead plans to set them in this ratio in their own interest in competition) and which yield the best overall fit for the payment system. The R 2 for Model 4, 0.170, is very slightly smaller than that of 0.171 from Model 3, indicating that, if risk adjustment weights are set correctly, the sacrifice in fit due to the premium ratio restrictions is negligible. instructs the Regulator how best to set weights for the history and no-history populations for age and gender and for the HCCs in the history population. As expected, the population "without history" features a much steeper age gradient in weights than the "with history" population where the Regulator can also use the HCCs from the previous year to set payment. The R 2 for the overall fit has fallen to .148, a value that refers to the fit for the entire population.
As a way to illustrate the quantitative importance of including premium variables and constraints within the least squares estimates, Figure 1 shows the relative weights for female age categories across selected risk adjustment models. Model 2 represents the weights from "conventional risk adjustment." (There are no risk adjustment weights in Model 1.) Relative weights in the other models are affected by the presence of premiums and the constraints, with the sharpest contrast with the weights from Model 5. These are contrasted with conventional risk adjustment weights in Figure 1 . "Without history" enrollees call for monotonically and substantially increasing weights with age. For enrollees "with history" (e.g., HCC indicators), the HCCs capture differences in expected costs for the four lower age categories. When HCCs are available (and premiums are partly conditioned on age), the weight in risk adjustment needs only to be higher for the oldest female age category. Premiums are doing some of the work in fitting payments to costs, altering the weights on age in the CMS-HCC model.
Discussion
The primary purpose of our paper is to demonstrate the versatility of least squares methods for risk adjustment in individual health insurance markets with enrollee premiums.
Development of actual risk adjustment weights should be done with different and ideally statespecific data, and account for the rules about flows of funds and premium setting in Exchanges.
Methods from our paper could be also be modified to estimation of risk adjustment weights for a A number of factors beyond those addressed here need consideration in development of a risk adjustment policy. We acknowledge some of them here and briefly comment on how they could be accommodated within the methods developed here.
Moral hazard. Health care utilization is endogenous to insurance coverage. The health care use by the population studied here is likely to increase following their transition to insurance. It would be possible in MEPS, where coverage is known, to factor use up or down with an assumption about demand response and according to whether coverage in an Exchange plan was likely to be better or worse than the person's current coverage.
Mulitiple plan types. Exchanges will have four plan types with varying degrees of coverage;
coverage in the Bronze plans will be most basic. Risk adjustment policy must decide how much of costs to include in risk adjustment and whether the payment for an enrollee should differ across plan types, perhaps in anticipation of more expensive enrollees selecting into better coverage. Efficient sorting of enrollees among plan types requires that enrollees face their "incremental marginal cost" across plans, which differs by enrollee type, and should not include 25 average cost differences due to selection. Conditioning risk adjustment payments on type of plan selected may be necessary to offset selection.
Service-level selection. Health plans may distort service offerings to attract good risks and deter bad risks. Services for predictable services used by enrollees with high total health care costs are particularly subject to strict rationing (Ellis and McGuire, 2007) . One way to address servicelevel selection incentives is to include additional constraints derived from plan profit maximization that characterize the risk adjustment weights that lead a plan to allocate a budget efficiently across services (Glazer and McGuire, 2002) .
Imperfect competition in health insurance markets. Premiums charged by private insurers exceed costs due to the presence of administrative and sales costs, and potentially supercompetitive profits. Even in this context the least squares regression can still be interpreted as derivation of risk adjustment weights in relation to the claims cost portion of premiums.
Restrictions on premiums, such as the premium ratio, would need to be rewritten if cost and profit markups do not have a proportionate effect on all premiums.
Medicare has always used least squares regression methods to assign weights to risk adjuster variables. In addition to being easy to use, the statistical criterion of "least squares"
corresponds to a policy interest in the "best fit" of a payment system to deal with risk and selection. As this paper shows, least squares has another attractive property when enrollee premiums share the burden of paying for health care costs with risk adjusted payments. The "normal equations" in least squares correspond to the "zero-profit" conditions that govern premium setting in a competitive market. Thus, least squares methods embody both the Regulator's objective -payment system fit -and a simultaneous solution to the problem of setting risk adjustment weights in the presence of premiums. Furthermore, when the Regulator is constrained by a budget, by premium targets, by having health history on only part of the population, least squares methods retain their easy-to-use feature and maximize payment system fit subject to these constraints. Full results are contained in Appendix B. All estimates significant at p=.001 or better, except Female 55-59, w/history (Model 5), which is significant at p=.05 For the premium variables, the geographic regions are n=Northeast, m=Midwest, s=South, and w=West, interacted with urban and rural indicators.
*RA budget constraint imposes that the average risk adjusted payment equal $2000. Premium ratio requires that within geographic regions, the ratio of premiums for older enrollees to younger enrollees be no more than 2:1. Half with no history implies that health status information is missing for (a randomly selected) half of the sample. For the premium variables, the geographic regions are n=North, m=Midwest, s=South, and w=West, interacted with urban and rural indicators. Probability computed using beta distribution for restrictions. *RA budget constraint imposes that the average risk adjusted payment equal $2000. Premium ratio requires that within geographic regions, the ratio of premiums for older enrollees to younger enrollees be no more than 2:1.
Half with no history implies that health status information is missing for (a randomly selected) half of the sample. ** There are two budget constraints for model 5, one for people with history and the other for people without history. For the premium variables, the geographic regions are n=North, m=Midwest, s=South, and w=West, interacted with urban and rural indicators. Probability computed using beta distribution for restrictions. *RA budget constraint imposes that the average risk adjusted payment equal $2000. Premium ratio requires that within geographic regions, the ratio of premiums for older enrollees to younger enrollees be no more than 2:1. Half with no history implies that health status information is missing for (a randomly selected) half of the sample. ** There are two budget constraints for model 5, one for people with history and the other for people without history. 
